Coffee in the diet and prevention of diabetes by Wierzejska, Regina
 REVIEW ARTICLE ISSN 2450–7458
1
Address for correspondence:  
dr hab. n. o zdr. Regina Wierzejska 
ul. Powsińska 61/63, 02–903 Warszawa 
e-mail: rwierzejska@pzh.gov.pl
Translation: dr n. med. Piotr Jędrusik
Clinical Diabetology 2020, 9
DOI: 10.5603/DK.2020.0015
Received: 13.02.2020  Accepted: 06.03.2020
Regina Wierzejska 
National Institute of Public Health — National Institute of Hygiene
Coffee in the diet and prevention of diabetes
ABSTRACT
The impact of coffee consumption on health deserves 
an attention, especially in the context of patients’ 
ongoing concerns about its adverse health effects. 
Knowledge on this subject may also inform the clini-
cal practice. Objective — to present the current state 
of knowledge about the relationship between coffee 
consumption and the incidence of diabetes type 2.
Epidemiological studies indicate that the habit of 
coffee consumption reduces the risk of non-insulin-
-dependent diabetes. Drinking at least 3 cups of coffee 
a day reduces the risk of this disease by 20–25%, and 
higher consumption may portend even more protec-
tion. The beneficial effect of coffee is most likely due 
to polyphenols present in the infusion, which have 
an anti-inflammatory effect and may improve insulin 
sensitivity. The content of bioactive ingredients in a cup 
of coffee is variable, depending on both the natural 
variation in coffee beans and the brewing method. The 
issue of sweetening coffee is a particularly important 
one as the addition of sugar can reduce its beneficial 
effects. Moderate consumption of coffee brewed using 
filters (3–5 cups per day) is recommended.
Current scientific research indicates that coffee not 
only has no negative impact on health but may even re-
duce the incidence of diabetes. (Clin Diabetol 2020; 9)
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Introduction
Diabetes type 2 is one of the most common meta-
bolic diseases, associated with excess body weight, 
sedentary lifestyle, and inappropriate diet. Nutrition 
scientists are thus looking for dietary approaches to 
reduce its incidence. In addition to recommendations 
to reduce sugar intake and increase intake of vegeta-
bles and whole grain products, dietary guidelines have 
included a recommendation to drink coffee [1, 2]. An 
analysis of the results of recent studies on the health 
effects of drinking coffee led to including a cup of 
coffee in the recently updated food pyramid of the 
Food and Nutrition Institute [3]. Thus, after years of 
the prevailing belief of negative or at least risky health 
effects of coffee drinking, currently available studies 
indicate otherwise. Coffee is no longer considered 
a substance, which is defined as a product which has 
no nutritional value for the body, but rather as a com-
ponent of a healthy diet. According to experts from 
the United States and the Netherlands, moderate cof-
fee intake fits well within the currently recommended 
nutrition, and coffee may even be included among 
so-called functional foods [2, 4–6]. 
Coffee and its constituents
Similarly to other food products, coffee contains 
specific compounds. In addition to well-known caf-
feine, these include polyphenols, diterpenes, niacin, 
and magnesium.
Caffeine in an alkaloid occurring naturally in some 
plant sources, mainly coffee, tea, and cocoa beans. 
Food industry also uses synthetic caffeine, added as an 
aroma (e.g., in cola-type beverages) or a psychoactive 
ingredient (e.g., in energy drinks) [7]. Research indicates 
that the lowest caffeine dose which induces measur-
able physiological effects in the human body is 75 mg. 
A single dose of 75 mg increases alertness and atten-
tion in most adults but its effect may be variable and 
depends on genetic and environmental factors. It has 
no effects in some subjects, termed “non-responders 
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to caffeine” [8, 9]. Safe daily intake of caffeine in 
adults is up to 400 mg, and up to 2.5 mg/kg body 
mass in children. Excessive caffeine intake may lead 
to adverse effects including hyperexcitability, muscle 
tremor, insomnia, headache, and gastric upset [9]. Ac-
cording to the International Statistical Classification of 
Diseases and Related Health Problems, negative effects 
of large caffeine intake are categorized as mental and 
behavioural disorders due to use of other stimulants 
including caffeine (code F 15.3) [10]. The main action 
of caffeine in the body is by blocking the receptor for 
adenosine, a brain neurotransmitter inducing the feel-
ing of fatigue, which leads to increased catecholamine 
levels (adrenaline, dopamine, serotonin) resulting in 
the central nervous system stimulation, increase in 
heart rate, and vasodilatation [11, 12]. This mechanism 
leads to an overall improvement of mental and physical 
performance and thus caffeine has an ergogenic effect 
[13, 14]. Studies performed in the recent years failed 
to confirm the previous hypothesis of a beneficial ef-
fect of caffeine on fat burning. Thus, nutritional law 
regulations prohibit suggesting weight-loss proper-
ties of caffeine, e.g., on dietary supplements product 
packages [15]. 
The caffeine content in coffee is very variable and 
depends on multiple factors including the botanical 
species of coffee (Robusta contains twice more caf-
feine compared to Arabica), cultivation conditions, the 
degree of bean crushing, brewing method, and the 
strength of infusion. Due to these factors, it is difficult 
to predict caffeine content in an individual cup of cof-
fee. Literature data indicate that a cup of coffee may 
contain 28 to 322 mg of caffeine [16–19]. In one study, 
the caffeine content in 20 espresso coffees purchased 
in various cafes varied up to 6-fold [18]. In general, it 
has been estimated that the average caffeine content 
in a typical cup of coffee is 80–90 mg [20].
Coffee is also a source of polyphenols. These are 
a group of plant compounds with complex chemical 
structure, of which the best known are flavonoids 
present, e.g., in fruits, tea, and dark chocolate. Polyphe-
nols are food compounds with anti-inflammatory and 
antioxidant properties. Their large intake is believed to 
exert an effect comparable to that of non-steroidal anti-
inflammatory drugs [21]. Similarly to caffeine content, 
their content in coffee infusion is very variable. It has 
been estimated that a cup of coffee contains on average 
about 190 mg of polyphenols [22]. For a comparison, 
100 g of grapes provide 200–300 mg of polyphenols 
[23]. However, it is difficult to evaluate these amounts 
in terms of health benefits as the recommended poly-
phenol intake has not been established. The major 
polyphenol in coffee is chlorogenic acid which is also 
considered the most biologically active [24]. Due to its 
breakdown during prolonged heat processing, the larg-
est amounts of chlorogenic acid are present in green 
(unroasted) coffee beans [5].
Among other coffee compounds, of major impor-
tance are diterpenes (lipid compounds) which may have 
both positive and negative health effects. While coffee 
with a high diterpene content increases LDL cholesterol, 
triglyceride, and homocysteine levels, these compounds 
also activate liver enzymes which facilitate elimination 
of toxic metabolism waste products. Diterpenes are 
most abundant in unfiltered coffee (e.g., Turkish coffee) 
but nearly absent in filtered and instant coffee [2, 25]. 
Coffee infusion also contains niacin and magnesium. 
According to the Polish national data, a cup of coffee 
provides 1 mg of niacin and 19 mg of magnesium, 
or 5–6% of their recommended daily allowance [26].
Coffee in the prevention of diabetes
Potential effect of coffee on reducing the risk of 
non-insulin-dependent diabetes has been discussed in 
the scientific literature for several years. The interest 
in this issue surged in 2002 when Dutch researchers 
published a large epidemiological study that included 
a population of more than 17 000 and showed a lower 
incidence of diabetes among regular coffee drinkers 
[27]. The most pronounced effect was noted for the 
intake of 7 cups per day, with a twice lower incidence 
of diabetes compared to non-drinkers and those 
consuming less than 2 cups per day. Consuming 5–6 
cups per day was associated with a 27% reduction in 
diabetes incidence, and the lowest effect was seen for 
the consumption of 3–4 cups per day (21% reduction 
in diabetes incidence). In the subsequent years, two 
independent studies performed in the Netherlands 
and Japan showed that consuming at least 3 cups of 
coffee per day was associated with a 42% reduction 
in diabetes incidence [28, 29]. Somewhat lower reduc-
tion in risk (by 27%) was noted among French women 
consuming 3 cups of coffee per day [30].
Studies performed in the United States indicate 
that the effect of coffee consumption on the develop-
ment of diabetes may be gender-related. Men drinking 
at least 6 cups of coffee per day had a 54% lower risk 
of diabetes, while women at the same level of cof-
fee consumption had a 22–29% lower risk [31, 32]. 
However, different results were obtained in a study in 
Finland, in which a very high coffee consumption (at 
least 10 cups per day) was associated with diabetes 
incidence reduction by 55% in men and 79% in women 
[33]. No studies have been performed to evaluate the 
effect of coffee consumption on the risk of diabetes 
type 2 in Poland.
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Metaanalyses of research studies, which provide an 
objective summary of the available knowledge, have 
also provided optimistic conclusions in this regard for 
years. The first of these, published in 2005, showed 
that people usually consuming 4–6 cups of coffee per 
day had a 28% lower incidence of diabetes compared 
to non-drinkers and those consuming less than 2 cups 
per day, and those consuming more than 6 cups of 
coffee per day had a 35% lower incidence of diabetes 
[34]. A subsequent 2009 metaanalysis showed a linear 
relationship between the amount of coffee consumed 
and diabetes incidence. The consumption of 3–4 cups 
of coffee per day was associated with a 25% reduction 
in diabetes incidence, and each additional cup of coffee 
reduced this risk by further 7% [35]. A metaanalysis 
published in 2014 showed that consuming 3 cups of 
coffee per day was associated with a 21% reduction in 
diabetes incidence, and consuming 6 cups of coffee per 
day was associated with a 33% reduction in diabetes 
incidence [36]. Very similar conclusions were arrived in 
the most recent 2018 metaanalysis which showed that 
consuming 3 cups of coffee per day was associated with 
a 21% reduction in diabetes incidence, and consuming 
5 cups of coffee per day was associated with a 29% 
reduction in diabetes incidence [37].
Of note, most studies available in the literature 
are observational epidemiological studies and not ran-
domized clinical trials. Such studies may not account 
for all risk factors for diabetes, and thus the effect at-
tributed to coffee consumption cannot be considered 
proven [38]. One argument against the prophylactic 
effect of coffee is the number of patients with diabetes 
in countries with a very high coffee consumption, such 
as Sweden and the Netherlands. According to the 2013 
data, the prevalence of diabetes in these countries was 
6.4% and 7.5%, respectively, which is similar to the 
prevalence in Poland (6.5%), where drinking coffee is 
much less common [39]. A hypothesis of the effect of 
coffee consumption on decreasing the risk of diabetes 
has been questioned by the results of a multicenter 
Mendelian randomization study which failed to show 
an association between coffee consumption and dia-
betes incidence [38]. 
Potential mechanisms of the effect  
of coffee on the prevention of diabetes
The mechanism of the effect of coffee on the risk of 
diabetes has not been elucidated. Short-term effects of 
acute coffee ingestion in individuals who do not drink 
it regularly are negative and include reduced insulin 
sensitivity and impaired glucose tolerance. In regular 
coffee drinkers, likely due to development of tolerance, 
insulin sensitivity increases and blood glucose level 
is lowered [32, 40]. Caffeine itself is not considered 
a putative mediator of this effect, as studies showed 
beneficial effects also for caffeine-free coffee [36, 37]. 
Most experts suspect that anti-inflammatory properties 
of coffee polyphenols may be of key importance [41]. 
Coffee consumption may reduce levels of proinflam-
matory cytokines, considered a risk factor for diabetes 
[42], and chlorogenic acid may inhibit hydrolysis of 
glucose-6-phosphate to glucose and reduce glucose 
absorption in the gastrointestinal tract [30, 43].
When considering the health effects of coffee con-
sumption, the variable mode of brewing coffee should 
not be overlooked. Of note, coffee automatic machines 
are gaining popularity, and the health effects of coffee 
brewed this way have not been evaluated yet. Although 
experts believe that the ideal coffee brewing method 
in terms of its nutritional and health effects has not 
been defined, filtered coffee is most recommended [2, 
44, 45]. It is also clear that addition of large amount 
of sugar or cream increases overall dietary content of 
these products, which may counteract positive health 
effects of coffee compounds. When adding two tea-
spoons of sugar to a cup of coffee, 3 cups of coffee, 
which are a considered a minimum amount associated 
with a reduction in diabetes incidence, provide 60% of 
recommended maximum daily intake of added sugar 
(which includes both sugar added by the consumers 
themselves, e.g. sweetened coffee, and sugar found in 
processed food). Furthermore, adding large amounts 
of milk may reduce the beneficial effect of polyphenols 
by their binding to milk protein, resulting in forma-
tion of insoluble and biologically inactive polyphenol 
complexes [46]. The contents of major compounds in 
a cup of coffee depends on the strength of the infusion. 
Stronger coffee contains more polyphenols but also 
more psychoactive caffeine. Another confounding fac-
tor is the size of a cup of coffee that is used a measure 
of coffee consumption. In the United Stated, a typical 
portion of coffee is about 250 mL, while in Europe it 
is much smaller (125–160 mL). A cup of espresso cof-
fee which has recently become popular contains only 
25–40 mL [47–49]. 
Summary
Despite varying patterns of coffee consumption 
worldwide, studies from many research centers have 
yielded positive findings for coffee, supporting the 
hypothesis of its health benefits. Despite these opti-
mistic data, which also suggest other benefits of cof-
fee consumption in addition to diabetes prevention, 
including its potential anti-cancer effect, up to 75% of 
consumers still believe that coffee has a negative impact 
on health [2, 11]. Thus, education efforts should be 
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pursued regarding the safety of coffee consumption, 
so the patients will no longer worry about its negative 
health effects. If future findings substantiate current 
hypotheses, coffee lovers will include not only those 
who enjoy its taste but also those who will appreciate 
its positive health effects. 
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